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LQIOXHQFHRIWKHIUHTXHQF\$GGLWLRQDOO\WKHVPDOOHVWVFDQQLQJDPSOLWXGHUHVXOWHGLQDPRUHLQVWDEOHZHOGLQJGHSWK
LQGHSHQGHQWRIWKHVFDQQLQJIUHTXHQF\ZKLFKPDQLIHVWHGLQWKHODUJHVWDQGDUGGHYLDWLRQVRIXSWR

)LJ$UHDRIIXVHGDOXPLQXP$$ODDQGFRSSHU$&XELQWKHZHOGVHDPDVDIXQFWLRQRIWKHVFDQQLQJDPSOLWXGH
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7KHDUHDVRIIXVHGDOXPLQXPDQGFRSSHUGHWHUPLQHWKHDYHUDJHIUDFWLRQRIHDFKHOHPHQWLQWKHIXVHG]RQH7KHLU
IUDFWLRQLQIOXHQFHVWKHW\SHRIWKHJHQHUDWHGLQWHUPHWDOOLF7KHUHIRUHWKHIXVHGDUHDVLQWKHDOXPLQXPVKHHW$DODQG
WKHFRSSHUVKHHW$&XZHUHERWKPHDVXUHGIURPWKHFURVVVHFWLRQVRIWKHZHOGDVVNHWFKHGLQ)LJ7KHGHSHQGHQFH
RIWKHIXVHGDUHDVRQWKHVFDQQLQJDPSOLWXGHLVVKRZQLQ)LJ7KHDPRXQWRIIXVHGDOXPLQXPKDUGO\GHSHQGVRQ
WKH VFDQQLQJDPSOLWXGH)RU ORZHU IUHTXHQFLHV LWSHDNHGDW WKHPPDPSOLWXGH)RUVFDQQLQJ IUHTXHQFLHVKLJKHU
WKDQ+]DQGDPSOLWXGHVORZHUWKDQPPKRZHYHU$DOZDVQRWDIIHFWHG,QWKLVSDUDPHWHUUDQJHWKHHIIHFWVRI
ORZHUORFDOHQHUJ\SHUXQLWOHQJWKDQGODUJHUVFDQQHGDUHDFRXQWHUDFWDQGDQQLKLODWH,QFRQWUDVWWKHIXVHGDUHDRI
FRSSHUGHFUHDVHGIRUODUJHUDPSOLWXGHV+HUHWKHGHFUHDVHRIOLQHHQHUJ\GRPLQDWHVDQG$&XFRQWLQXRXVO\GHFUHDVHV
ZLWKWKHVFDQQLQJDPSOLWXGH7KLVHIIHFWZDVIRXQGIRUDOOVFDQQLQJIUHTXHQFLHV
6LQFHWKHJHRPHWU\RIWKHIXVHG]RQHLVLQIOXHQFHGGLIIHUHQWO\IRUWKHWZRVKHHWVE\WKHRVFLOODWLRQSDUDPHWHUVWKH
HOHPHQWV FRPSRVLWLRQ LQ WKH ZHOG FDQ EH VHW E\ WKHVH ,Q )LJ  WKH DYHUDJH UHODWLYH VKDUH RI FRSSHU
ܵ஼௨ ൌ ሺܣ஼௨ ڄ ߩ஼௨ሻ ሺܣ஺௟ ڄ ߩ஺௟ሻΤ LQWKHWRWDOIXVHG]RQHRIWKHFURVVVHFWLRQVLVVKRZQDVDIXQFWLRQRIWKHRVFLOODWLRQ
SDUDPHWHUV7KLVLVFDOFXODWHGLQZHLJKWSHUFHQWDJHIURPWKHUDWLRRIWKHDUHDRIPROWHQFRSSHUDQGDOXPLQXPHDFK
ZHLJKWHGE\WKHGHQVLW\LHȡ&X NJPñDQGȡ$O NJPñÁ7KHREWDLQHGYDOXHVRI6&XUDQJHGIURP
XSWR)RUDOOH[DPLQHGFURVVVHFWLRQVDYDOXHRIPRUHWKDQRIFRSSHUFRXOGQRWEHUHDFKHGGHVSLWHLWV
WKUHHWLPHVKLJKHUGHQVLW\FRPSDUHGWRDOXPLQXP$JDLQDQHJDWLYHFRUUHODWLRQRIERWKIDQG$WR6&XZDVIRXQG
7KLVPDQLIHVWVLQ߲ܵ஼௨ ߲ܣ ൏Τ ͲDQG߲ܵ஼௨ ߲݂ ൏Τ ͲDVVKRZQLQ)LJ$VIRUWKHZHOGLQJGHSWKWKHUHODWLYHVKDUHRI
FRSSHULQWKHZHOGVHDPUHDFWVYHU\VHQVLWLYHWRWKHVFDQQLQJDPSOLWXGHZKLOHWKHVFDQQLQJIUHTXHQF\KDVVPDOOHU
LQIOXHQFH

)LJ5HODWLYHUDWLRRIFRSSHULQWKHRYHUDOOIXVHG]RQHLQZHLJKWDVDIXQFWLRQRIVFDQQLQJDPSOLWXGHDDQGIUHTXHQF\E
6&XPDLQO\ FRUUHODWHVZLWK WKHZHOGLQJ GHSWK DV FDQ EH VHHQ LQ )LJ +HUH WKHPHDQ YDOXHV RI 6&X DQG WKH
FRUUHVSRQGLQJZHOGLQJGHSWKGDUHSORWWHGIRUHYHU\FRPELQDWLRQRIWKHRVFLOODWLRQSDUDPHWHUV7KHGDWDSRLQWVDUH
ILWWHGIRUWKHIXQFWLRQݏሺ݀ሻ ൌ ܽ ڄ ሺ݀ ൅ ͳሻZLWKWKHILWSDUDPHWHUܽ


:LHODQG:HUNHKWWSVZZZZLHODQGGHPHGLD3RROFRQWHQWPHGLDGHGDWHQEODHWWHUGDWHQEODHWWHUB].SGI&(7
ÁPDWEDVHKWWSZZZPDWEDVHFRPPDWHULDOFDWHJRULHVPHWDOVQRQIHUURXVPHWDOVZURXJKWDOXPLQLXPPDWHULDOSURSHUWLHVRIDOGLQ
ZURXJKWDOXPLQLXPDOOR\JUDGHKWPOSURSHUWLHV&(7
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
)LJ'HSHQGHQFHRIWKHUHODWLYHVKDUHRIFRSSHULQWKHIXVLRQ]RQHRQWKHZHOGLQJGHSWK0DUNHUV0HDQYDOXHVIRUHDFKRVFLOODWLRQSDUDPHWHU
7KHOLQHLVDORJDULWKPLFILWWRWKHGDWD
$SSODFDWLRQUHOHYDQWLPSOLFDWLRQV
7KHIRUPDWLRQRILQWHUPHWDOOLFVLQWKHZHOGVHDPGHSHQGVRQWKHFKHPLFDOFRPSRVLWLRQRIWKHIXVHG]RQHDQGWKH
HOHPHQWVPL[LQJ7KHFKHPLFDOFRPSRVLWLRQHPERGLHGDV WKHUHODWLYHVKDUHRIFRSSHU LQ WKHZHOGVHDPVWURQJO\
FRUUHODWHV ZLWK WKH REWDLQHG ZHOGLQJ GHSWK $V WKH SDUWLDO GHULYDWLYHV ZLWK UHVSHFW WR WKH RVFLOODWLRQ SDUDPHWHUV
SURYHWKHDGMXVWPHQWRIWKHVFDQQLQJDPSOLWXGHDOORZVDUHJXODWLRQRIWKHZHOGLQJGHSWKRYHUDZLGHUDQJHZKLOH
WKHIUHTXHQF\HQDEOHVDYHU\ILQHWXQLQJZLWKDSUHFLVLRQRIDERXW%\FKRRVLQJVXLWDEOHRVFLOODWLRQSDUDPHWHUV
LW LVSRVVLEOH WRPDQDJHWKHFRPSRVLWLRQRI WKHZHOGVDQGWKHUHIRUHLQIOXHQFHWKHFUHDWLRQRI LQWHUPHWDOOLFSKDVHV
7KHVHDVZHOODVWKHZHOGVZLGWKDWWKHVKHHWVFRQWDFWDUHDDUHFULWLFDOIRUWKHSURFHVVRXWFRPHLQWHUPVRIHOHFWULFDO
UHVLVWDQFH RUPHFKDQLFDO VKHDU VWUHQJWK )RU W\SLFDO XVH LQ HOHFWULFDO DSSOLFDWLRQV WKH DFWXDO ZHOGLQJ GHSWK LV RI
PLQRU LPSRUWDQFH JLYHQ D VWHDG\ MXQFWLRQ RI WZR VKHHWV LV VHFXUHG DQG WKH PHWDOOXUJLFDO TXDOLW\ LV VXIILFLHQW
+RZHYHU WKH WKH HOHFWULFDO FRQGXFWLYLW\ LV SURSRUWLRQDO WR WKH FRQWDFW DUHD RI WKH JHQHUDWHG MRLQW :LWK EHDP
RVFLOODWLRQ WKHDUHDRYHUZKLFK WKLV MRLQW LVHVWDEOLVKHGFDQEHDGMXVWHG,QFRQWUDVW WRQRQVFDQQLQJ ODVHUZHOGLQJ
WKLVDUHDFDQEHLQFUHDVHGZLWKRXWHQODUJHPHQWRIWKHZHOGLQJGHSWK7KHODWWHUZRXOGLQFUHDVHWKHUDWLRRIFRSSHULQ
WKHZHOGDQGWKHUHE\HQKDQFHWKHFUHDWLRQRILQWHUPHWDOOLFV7KHDPSOLWXGHDQGIUHTXHQF\FDQHDVLO\EHFKDQJHGRQ
WKHIO\GHSHQGLQJRQVHDPWUDFNLQJRULQVLWXGLDJQRVWLFV
)XUWKHUPRUHWKHODVHUSRZHUFDQEHDGDSWHGWRWKHRVFLOODWLRQSKDVH7KLVZRXOGDOORZWRSUHYHQWWKHWRRWKOLNH
VKDSHRIWKHZHOGVHDPDVSLFWXUHGLQ)LJDQGWRIXUWKHULQFUHDVHWKHUHJXODULW\RIWKHZHOGLQJGHSWKLQWKHORZHU
FRSSHUVKHHW
&RQOFXVLRQ
/RFDOODVHUEHDPRVFLOODWLRQZDVDSSOLHGWRWXQHWKHZHOGLQJGHSWKDQGWKHJHRPHWU\RIWKHIXVHGDUHDVLQUHPRWH
ODVHUZHOGLQJRIDOXPLQXPWRFRSSHU7KHHOHPHQWVPL[LQJLQWKHIXVHG]RQHLVHQKDQFHGDQGWKHFUHDWLRQRIFUDFNV
DORQJ WKHFRQWDFWDUHDRIERWKVKHHWV LVUHGXFHGIRU ODUJHUVFDQQLQJDPSOLWXGHV6LQFH WKH ORFDOO\ LQWURGXFHG ODVHU
HQHUJ\ SHU XQLW OHQJWK GHFUHDVHV ZLWK ERWK WKH RVFLOODWLRQV DPSOLWXGH DQG WKH IUHTXHQF\ WKH REWDLQHG ZHOGLQJ
GHSWKVZHUH IRXQG WR GHFUHDVHZLWK ERWK SDUDPHWHUV )RU D FRQVWDQW ODVHU SRZHU RI  N: DQG D IHHG UDWH RI
PPLQLWZDVSRVVLEOHWRVZLWFKIURPIXOOSHQHWUDWLRQRIERWKVKHHWVWRDODFNRIERQGLQJE\DGMXVWPHQWRIWKHVH
SDUDPHWHUV LQ WKH LQYHVWLJDWHG IUHTXHQF\ UDQJH RI XS WR  N+] DQG DPSOLWXGHV IURP  PP WR  PP 7KH
PD[LPXP ZHOGLQJ GHSWK FRXOG FRDUVHO\ EH VHW ZLWK WKH RVFLOODWLRQ DPSOLWXGH ZKLOH WKH RVFLOODWLRQ IUHTXHQF\
462   Florian Fetzer et al. /  Physics Procedia  83 ( 2016 )  455 – 462 
DOORZHG ILQH WXQLQJ RI WKH REWDLQHG GHSWK 7KH DUHD RI PROWHQ DOXPLQXP FDQ EH LQFUHDVHG E\ LQFUHDVLQJ WKH
RVFLOODWLRQDPSOLWXGH+RZHYHUWKLVHIIHFWYDQLVKHVIRUIUHTXHQFLHVKLJKHUWKDQ+],QFRQWUDVWWKHDPRXQWRI
IXVHGPDWHULDOLQWKHORZHUFRSSHUVKHHWVWURQJO\GHFUHDVHVZLWKVFDQQLQJDPSOLWXGH$VDUHVXOWWKHDYHUDJHUHODWLYH
VKDUHRIFRSSHULQWKHZHOGVHDPFDQEHLQIOXHQFHGLQWKHUDQJHIURPWRZHLJKW
$FNQRZOHGJHPHQWV
7KHSUHVHQWHGZRUNZDVIXQGHGE\WKH)HGHUDO0LQLVWU\RI(GXFDWLRQDQG5HVHDUFK%0%)DQGWKHH[SHULPHQWV
ZHUHGRQHLQWKHFRQWH[WRIWKH³5H0L/DV´SURMHFW7KHUHVSRQVLELOLW\IRUWKLVSDSHULVWDNHQE\WKHDXWKRUV
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